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1 Introduction 
Acidic solids are among the most useful heterogeneous catalysts, for both bulk and fine chemicals synthesis. 
Sulfonic acids supported on inert matrixes have been envisaged as interesting alternatives to classical inorganic acid 
solids. For example, polystyrene supported sulfonic acids are commonly applied as catalysts [1], even in industrial 
processes, and perfluorinated sulfonic polymers constitute a special type of solids with enhanced acidity [2]. One 
alternative to these well-stablished catalysts is the family of sulfonated carbons [3], and more specifically those 
prepared from renewable materials by hydrothermal synthesis under mild conditions are of great interest. 
Esterification is one of the most important acid-catalyzed industrial reactions [4], including the transformation 
of compounds obtained from renewable materials. One example is the synthesis of fatty acid methyl esters from 
free fatty acids, used in biodiesel production as previous step to the basic transesterification of triglycerides when 
the raw materials are used oils [5]. Moreover this reaction has been used as benchmark test for most of the support-
ed sulfonic acids. On the other hand glycerol, well-known renewable chemical for centuries but with increased 
economical relevance in the last few years, can be used as commodity for the synthesis of a large number of inter-
esting raw chemicals [6]. For example mono, di and triacetylglycerol (acetines), prepared by esterification of glyc-
erol with acetic acid, can have different applications, for example as biodiesel additives. Thus the development of a 
green highly selective esterification method would be of great interest. 
We present here the use of a sulfonated hydrotermal carbon in the esterification of palmitic acid with methanol 
[7], in comparison with other well-known sulfonic solids, as well as the application in the esterification of glycerol 
with acetic acid [8]. The particular behaviour of this catalyst will be correlated with its surface properties.  
 
2 Experimental/methodology 
Sufonated hydrothermal carbon. An aqueous solution of glucose (25 ml, 1 M) was placed in a Teflon-lined 
autoclave and the hydrothermal synthesis was carried out under autogenous pressure at 195 ºC for 19 h. After the 
synthesis, the autoclave was cooled down in a water bath at room temperature. The obtained material was washed 
thoroughly with distilled water and ethanol, and finally dried overnight in an oven at 105 ºC. The resulting material 
was then treated with concentrated (>96%) sulfuric acid (20 mL H2SO4/g solid) at 150ºC under argon atmosphere 
for 16 h. The sulfonated sample was then washed thoroughly with hot distilled water and dried overnight at 105ºC. 
The catalyst was characterized by elemental analysis (CHOS), back titration with NaOH, CP-MAS NMR, FTIR 
Esterification of palmitic acid. 7.5 mmol of palmitic acid (1.92 g), 75.0 mmol of methanol (3.04 mL), 100 
mg of catalyst and 2.1 mmol of 1-methylnaphthalene (0.30 g) as internal standard were stirred (≈ 1000 rpm) in a 
round flask immersed into a silicone bath at 85ºC. Reaction was monitored by gas chromatography (HP-5890-II). 
The catalyst was filtered, washed with CH2Cl2, dried under vacuum, and reused under the same conditions.  
Esterification of glycerol. 3.26 mmol of glycerol (300 mg), 19.56 mmol of acetic acid (1.12 mL) and 30 mg 
of catalyst were stirred (≈ 1000 rpm) in a round flask immersed into a silicone bath at 110ºC. Reaction was moni-
tored by gas chromatography (HP-5890-II) and 1H NMR. 
3 Results and discussion 
In the esterification of palmitic acid with methanol (Table 1), sulfonated hydrothermal carbon prepared from 
glucose shows a much higher initial activity (TOF = 62.7 h-1) than typical sulfonated polystyrene resins (TOF = 3.6 
or 28.3 h-1 depending on the cross-linking degree), sulfonic acid functionalized silica (TOF = 30 h-1), and even than 
the SAC-13 nafion-silica composite (TOF = 41.5 h-1), whose acidity is much higher due to the electron-
withdrawing nature of the perfluorinated chains attached to the sulfonic group. The possible origin of this effect in 
the hydrothermal carbon is the high surface density of sulfonic sites, combined with a synergic effect of the even 
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higher surface density of carboxylic sites on hydrothermal carbon, as shown by the high acidity determined by titra-
tion. As a side consequence of this arrangement, deactivation due to esterification of the solid with methanol is 
observed [7], due to an inter-site protonation effect absent in the case of solids with low surface density of sulfonic 
sites. On the contrary, the sulfonated hydrothermal carbon is more stable than other sulfonic solids against the pres-
ence of water in the reaction mixture or the partial deactivation with a base. 
Table 1. Results of esterification of palmitic acid with methanol catalyzed by different sulfonic solids. 
Catalyst Sulfur content 
(mmol/g)a 
Total acidity 
(mmol/g)b 
TOF (h−1)c 
1st use reuse 
Nafion-silica SAC-13 0.16 0.15 41.5 36.9 
Dowex 50W×2 5.30 4.46 28.3 11.3 
Amberlyst 15 4.76 4.40 3.6 3.2 
Propylsulfonic silica 0.74 0.75 30.0 30.0 
Sulfonated hydrothermal carbon 0.55 5.43 62.7 19.1 
a Determined by elemental analysis. b Determined by back titration. c Mol of palmitic acid converted per mol of sulfur. 
 
In the case of the synthesis of glycerol acetates, previous works demonstrated the difficulty of the obtaining of 
high yields of triacetin [8]. In fact, the use of a typical inorganic acid solid, such as montmorillonite K10, leads to 
mainly diacetin (Figure 1). On the contrary, the use of sulfonated hydrotermal carbon leads to mixtures of glycerol 
acetates with high contents of triacetin and minimum amounts of monoacetins. The optimization of these prelimi-
nary results is currently in progress. 
 
 
 
 
Fig. 1. Esterification of glycerol with acetic acid and product distribution in the reactions catalyzed by sulfonated hydrothermal 
carbon and K10 montmorillonite. MAG = monoacetins; DAG = diacetins; TAG = triacetin. 
4 Conclusions 
The sulfonated hydrothermal carbon prepared from glucose has shown better performance than other solid acids 
in the two tested esterification reactions. In the case of esterification with methanol higher activity per sulfonic site 
is obtained. In the case of esterification of glycerol, the most interesting triacetin is the favored product over mono- 
and diacetins. This improved behavior has been attributed to the higher surface density of sites, that is at the same 
time responsible for the highest rate of deactivation in the presence of methanol, due to an esterification of the acid 
groups on the surface.  
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